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B R S. W, F.R.S.
Bullard Laboratories, Madingley Road, Cambridge CB3 0EZ, UK
Drummond (Drum) Matthews was a leader who gave himself selflessly for the good of his
students and science. He is best known for his work with Fred Vine (F.R.S. 1974), then his
graduate student, on the seafloor spreading hypothesis, which underpinned the plate tectonics
revolution, and for the work done under his leadership by the Cambridge marine geophysics
group and the British Institutions’ Reflection Profiling Syndicate (BIRPS). But perhaps his
most enduring scientific legacy lies in his many former students, now in positions of
leadership and responsibility around the world, who continue to make significant
contributions to the health of science.
F 
Drummond Hoyle Matthews came by his middle name in a fairly conventional manner:
Hoyle was the maiden name of his mother, who hailed from Yorkshire. His first name came
about in a more unusual way. During World War I, Drum’s father, Lieutenant C. Bertram
Matthews, was serving in 65 Squadron of the Royal Flying Corps. He had made a pact with
his friend David Drummond that if either of them survived the war and had a son, they
would name him after the other.
Drum’s father was badly wounded while flying a Sopwith Camel during heavy aerial
fighting on 22 March 1918. This experience resulted, after the war, in a bad nervous
breakdown. Following that he moved to Porlock in Somerset to help run a family horseriding
school. So Drum spent much of his childhood in the country, and it was there that he
developed a love of sailing small boats in the nearby (and challenging) waters off Porlock
Harbour.
When World War II started, Drum’s father insisted on joining up again, although at his
age there was no necessity to do so. Assigned to an office job underground in Plymouth, he
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unfortunately had to endure heavy bombing. The sad outcome was that he took his own life
when Drum was just eleven years old and still at The Downs preparatory school in Malvern.
S, N S  
The next September, in 1944, Drum started at Bryanston School. He was a popular and
fondly remembered pupil. He sang, acted in the Dramatic Society, played the normal team
sports of rugby and rowing, and was ‘a tower of strength in the Sea Cadets’, which he
rejuvenated from being very run down. His developing interest in science was marked by
being on the committee of the Scientific Society, and Secretary of the Archaeology Society.
He had been Head Boy at The Downs school and rose naturally to the same position at
Bryanston. He did creditably, although not outstandingly, in the Higher School Certificate
and his Tutor commented that he ‘could only have been a scholar by very hard work and this
he has not had time for’. But the reason was apparent to all, in that he spent a great deal of
his time supporting other pupils. In Drum’s school report his housemaster wrote that Drum
was ‘Invincibly [sic] thorough and reliable. Does more than is really humanly possible. Very
great integrity, very modest and unassuming. One of the best (if not the best) Head Boys the
school has ever had.’
After school, Drum moved on to National Service. He chose to serve in the Royal Navy,
ending as RNVR Sub-Lieutenant on HMS Gravelines. In later years he would recall the
almost intolerably high temperatures and
humidities in the boiler rooms while in the Red
Sea, conditions he would experience again in the
seminal research cruises of the Indian Ocean
Expeditions of 1961–63. He would have liked to
continue full-time in the Navy, but his mother
insisted that he take up his State Scholarship at
Cambridge University. He remained in the Royal
Navy Reserves until 1967.
Drum started at King’s College, Cambridge, as
an undergraduate in 1951 and read Natural
Sciences. In part I of the examinations he achieved
a First, and was elected a College Exhibitioner in
June 1954. He took up rowing again, and even in
his first year rowed in King’s First Boat. The
following year he became President of King’s boat
club, where he was a popular and inspirational
leader. The spirit in the boat club, as indeed in the
scientific groups he was later to lead, owed much
to Drum’s dedication, encouragement and humour.
Figure 1. Note to Drum’s neighbour, Brian
Mattinson, while an undergraduate at King’s
College, Cambridge, October 1952.
Reproduced with permission.
During his years as an undergraduate, Drum suffered several bouts of depression, not
helped by his lifelong high level of self-depreciation. He was also to suffer episodes of
migraine that persisted throughout his life and on occasion were so severe as to require
treatment in hospital. He was fortunate at King’s to be taken under the wing of Maurice Hill
(F.R.S. 1962), himself no stranger to episodes of depression, and his wife Philippa. They used
 on 25 February 2009rsbm.royalsocietypublishing.orgDownloaded from 
Drummond Hoyle Matthews 279
to take Drum and others home and give them support and encouragement to help them
through the difficult times. The friendship endured, and some years later Drum was to start a
PhD under Maurice Hill’s supervision, and eventually to take over leadership after him of the
Cambridge Marine Geophysics Group.
In part II Drum specialized in geology and petrology, but did poorly in the exams. In June
1955 he graduated from Cambridge with a lower second class degree.
A   F ID S,
1955–57
Drum was deeply disappointed and discouraged by the class of his degree. Instead of going
on to do graduate research at Cambridge, as he had originally hoped, and despite the
encouragement to persevere in doing so by Maurice Hill and others, he accepted (or, as he put
it in a letter to a friend, he ‘drifted into’) a job with the Falklands Islands Dependencies
Survey (FIDS). Ten days later, in October 1955, he sailed for Port Stanley on the RRS John
Biscoe, for a two-year stint that would allow two summer field seasons and one overwintering
in the Antarctic.
The main purpose of the FIDS at that time was political, supporting a sovereignty claim
by occupying and administering the Antarctic territories. Its members, universally known as
fids, spent their time mainly on topographic mapping and synoptic meteorology: science took
a generally lower priority. There was no extant geological unit within the FIDS, though while
Drum was away one was set up at Birmingham University under Ray Adie, who had earlier
done pioneering geological work in the Antarctic. Subsequently the FIDS evolved into the
British Antarctic Survey.
A new FIDS hut had been built during the previous summer on Signy Island, one of the
small South Orkney islands. Drum’s mandate from the Director, Vivian (later Sir Vivian)
Fuchs (F.R.S. 1974), was to make a geological map of Coronation Island. There was almost
no published work on the geology of the South Orkney Islands, and only a few dozen
specimens had been collected from Coronation Island. Just a week before he sailed, Drum
learned that some five years previously Derek Maling had spent two field seasons with the
FIDS, mapping the same islands. At the time he did the mapping, Maling had completed only
the first year of an undergraduate degree in geography at Durham University. There was only
a preliminary written report of his work, which Maling himself told Drum to ignore because
it had been written early in his time in the field. So Drum set off immediately to visit Maling
in Swansea, where he had just moved after completing a PhD in geomorphology. In a fashion
perhaps typical of Drum, in his enthusiasm he rushed to Swansea without first checking that
Maling would be there. In the event he missed Maling by half an hour, but then also missed
the last train home. Having failed to find accommodation, he adopted a typical Drum
solution, presenting himself at the local police station and persuading them to give him a cell
for the night.
The upshot of this was that Drum set off for 18 months in the field, mapping the geology
of Coronation Island, without having the benefit of knowing what geological mapping had
been done previously. He was therefore disconcerted to receive in Montevideo, on his way
south, a letter from Maling telling him that he planned to submit his geological work for
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Figure 2. Drum aboard the deep sea drilling ship, Glomar Challenger.
Photograph courtesy of R.S. White.
publication while Drum was away. In the event, Maling did not publish separately; Drum and
he subsequently put together their observations on Signy Island into a single account.
However, because supply ships only sailed south in the Austral spring, Drum received no
geological information from Maling until he had completed two of his three field seasons. It
was an example of the then somewhat amateurish organization of the FIDS that was to
frustrate Drum frequently during his time with them.
Once in the Antarctic, Drum set to work on the task of geological mapping. Most of
Signy Island, which is roughly triangular in shape and only 11 km by 6 km in size, could be
reached from the hut by one person working alone. During his stay he completed a total of
forty days’ fieldwork there, twelve of them while camping alone. However, the toughest task
was Coronation Island. In the course of three field trips, each lasting three months and the
last with himself as leader, he spent a total of 263 days under canvas. It is a rugged island.
Roughly 50 km by 10 km in size, its mountains reach 1266 metres, with numerous glaciers and
ice fields between them. Because the slopes are so steep, the glaciers are highly crevassed, and
often fall direct to the sea. Many of the outcrops are on extremely steep slopes swept by
avalanches. It was not infrequently dangerous and occasionally frightening work, crossing
steep and highly crevassed slopes, sometimes in vile weather with little visibility. The field
party was generally four in number, although often they worked and travelled in pairs. In
many ways, Drum was in his element. The rugged outdoor life, the skiing and mountaineering
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with a group of young men was a great adventure in itself. On Christmas Eve 1955 Drum
wrote in his diary:
This is a fabulous life. Mountains, perfect snow, skis and crampons. To be paid for such things is good
enough, but in this place with rocks, snow, cliffs, glaciers, sea and sunshine … to say nothing of the
garden of Eden animals. The seals with their big wild eyes and sleepy flippers, ridiculous penguins and
friendly bouncing huskies. Birds and animals, none yet recognize man for an enemy. I pray it may
remain so.
The following Christmas found Drum camped with three companions on Coronation
Island. On Christmas Day 1956 he mused:
I climbed up the soft snow and sat down in the warm sunshine … It was still and warm there, at first
anyway, and I pondered the immutability of desert places. How when Christ was born the same fickle
sunshine shone on the same barren black rocks and the ice cliffs of the bay, while the swell beat and
broke heedlessly on the three rounded rocks off the point … I doubt if the busy vacant breeding
penguins would have cared or a predatory leopard [seal] paused to hear the angels singing. I read the
account of the nativity in Luke’s gospel and thought of King’s and home. A pagan Christmas is an
unsatisfactory feast, a mere pointless extravagant gorge, an advertiser’s stunt. At Christmas everyone
wants to be on the side of the angels.
There is a grandeur to working in vast lonely places, something I suspect that many field
geologists have experienced. Soon after midwinter 1956, Drum was skiing off the ice-cap as
dusk was falling:
I was alone, the sky in front of me was pale green in the evening while on my right the sun sank in
contusion hue and an almost whole moon rose palely in triumph over the dying fire. The white rime
covered mountains and the silent poised ice falls of the plateau stood lambent. Hood [T.] remarks
somewhere [in the sonnet ‘Silence’ published in The London Magazine, 1823] that places that have
never known people are never lonely, yet a deserted ruin is desperate in loneliness. So it was. The land
was not inimical to me, but oblivious, utterly mindless, unincarnatable (awful word), soul-less. It was
an experience that would, ten years ago, have filled me with a flood of unreflecting joy. I stood and let
it sink in, the silence, the little breeze, the peace. And no joy came. Instead I wondered whether it was
the inhumanity of the evening which detracted from its beauty; compared it with the warm luminous
nightfall of downland and meadows and wood.
It was strenuous work. The winter of 1956 was mild, which meant that the usual sea ice
did not form and so the two dog teams could not be driven across the five miles from the base
on Signy Island to Coronation Island. Instead they had to cross the open and often stormy
waters in small boats, and then man-haul everything on sledges weighing up to 400 pounds.
They had two twelve-foot clinker-built open boats with outboard motors, and Drum’s
seamanship came into its own. The outboards were unreliable in the cold and they had several
epic journeys when outboards failed and they came close to shipwreck. Drum’s skill at
sculling over the stern was invaluable in pushing the boat through brash.
On the field trips to Coronation Island, Drum was accompanied by a surveyor and other
helpers. Typically, out of every five days, on three and a half of them the clouds reduced
visibility so that no surveying work could be done. Such weather was intensely frustrating:
days spent laid-up in often wet tents, on monotonous rations in bad weather were frustrating
in themselves, and sapped morale. The effort of simply surviving, of cooking and camping,
and of travelling everywhere on foot, used up both energy and good weather windows. Books
were a crucial release and Drum read avidly everything he could lay his hands on: from
Descartes to Milne’s Winnie the Pooh; from Boswell to the Bible. Yet he succeeded in
 on 25 February 2009rsbm.royalsocietypublishing.orgDownloaded from 
282 Biographical Memoirs
completing a detailed geological map of the island, working from three different bases on the
coast, and carrying back several hundred rock specimens. At that time it was the most
detailed geological study of any of the Antarctic islands.
Meanwhile Drum had more than enough time to ponder the past and the future. He
missed King’s College, yet was not confident that he was good enough to go back to
Cambridge. He wondered whether to turn to school-teaching or whether to ‘soldier on with
geology’, and even investigated getting a ride back to the Antarctic as a watchstander on one
of the supply ships. However, he recorded in his diary that he hankered after doing
geophysics, an ambition that he would fulfil grandly in his subsequent career.
Drum’s stint in the Antarctic ended in April 1957 and, with relatively few regrets, he
boarded the RRS Shackleton for the two-month journey back to England. The Shackleton
docked at Southampton in early June 1957; after a fortnight’s holiday, Drum spent the last six
months of his FIDS contract at their office in the University of Birmingham. Together with
Ray Adie and Derek Maling, he arranged to publish the geological account of the South
Orkney Islands as FIDS reports in three parts. The first two were to deal with Signy Island
and Coronation Island, to be written jointly by Matthews and Maling, with Adie contributing
the petrology, and the third was to cover Powell and Laurie Islands. Drum finished his report
on Signy Island while in Birmingham, and completed his Coronation Island report (2)* by
Easter 1959, after returning to Cambridge. He submitted both of them in December 1959 in
support of his Fellowship application to King’s College, Cambridge. He was duly awarded a
Fellowship at King’s, but publication of his work was long delayed. Eventually the Signy
Island report was published in 1967 without the petrology (6). The Coronation Island work,
which comprised the bulk of his effort in the field, was never published under his name.
However, the effort was not wasted because Janet Thomson was able to use Drum’s work as
the basis of a full report on the geology of Coronation Island (Thomson 1974). She also used
the carefully collected specimens to study the petrology of the metamorphic rocks on Signy
Island (Thomson 1968). By the time this work was published, Drum was fully occupied with
his marine geophysical investigations on seafloor spreading and the geophysics of the ocean
basins, and he was already internationally recognized. He had moved on, and was not a
person to dwell on the past. However, the lack of publication and recognition for his
Antarctic geological work, achieved under such arduous conditions, was perhaps a factor in
his subsequent reticence in dwelling on the Antarctic years when talking with his colleagues.
However, after his return to Cambridge he did publish a paper (1) on the geology of the
Scotia Arc, of which the South Orkney Islands are part. Significantly, in view of his later
contribution to the seafloor spreading hypothesis, he was already thinking in terms of
continental drift. The islands of the Scotia Arc and of the Falkland Islands are made of
continental crust, yet are stuck in the South Atlantic hundreds of kilometres from the nearest
mainland. Drum toyed with ideas of ‘continental drift’ to explain this (1); one of his
companions in the Antarctic remembers him expounding in the tent Wegener’s theory of
continental drift. So the seeds were already planted from his Antarctic work to accept the
possibility of seafloor spreading.
Although this was in many ways a difficult period for Drum, emotionally and mentally as
well as physically, and the science he achieved in the Antarctic was rapidly to be eclipsed by
his later work in marine geophysics, it was perhaps a formative time in his life. The attributes
* Numbers in this form refer to the bibliography at the end of the text.
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that he fostered and developed there of perseverance, of self-reliance, of making the best of
what was available, of testing, and sometimes agonizing over his leadership skills, and of
taking the full responsibility for drafting, planning and pushing through scientific projects,
were all to stand him in good stead in the ground-breaking marine geophysics expeditions he
was later to lead. In addidion, in his own words, Coronation Island remained in his memory
as ‘an inhospitable but intensely beautiful island’. It was one of his great regrets that the
diabetes that was diagnosed during an operation for appendicitis while he was at Birmingham
meant that he could not return to the Antarctic.
PD 
Drum started his PhD research at Cambridge in January 1958 under the supervision of
Maurice Hill. The plan was to deduce the geological nature of the crust beneath the oceans, at
that time widely considered to comprise foundered continental crust, by measuring the sound
velocities of dredged rocks and comparing them with results from seismic refraction
experiments. He was soon at sea in the North Atlantic on the RRS Discovery II and was to
make three further trips during his PhD research. In eight dredge hauls on his first cruise a
large quantity of basaltic rocks was recovered: although basalts had previously been reported
as dredged from the flanks of deep trenches, never before had such a substantial collection
been recovered from depths as great as 5 km in an apparently typical area of ocean basin
floor. So Drum switched from measuring sound velocities to studying the petrology of the
dredged basalts, submitting his PhD entitled ‘Rocks from the eastern North Atlantic’ in 1961.
This work set the scene for his later insights into seafloor spreading, which postulated that the
entire ocean floor was underlain by basaltic rocks.
A colleague who was on that first cruise has commented that obtaining the dredge hauls
occupied a total of sixteen hours out of a month-long cruise. Drum could have immersed
himself in studying the rocks, but instead unselfishly pitched in and helped with all the other
tasks, such as repairing and maintaining the geophysical equipment and standing watches for
others. This experience was to lead him into geophysical work on many other cruises. In fact,
after his PhD, he himself never again worked on rocks, although for a while the marine group
continued to take both soft and hard rock samples, which were worked on mainly by Brian
Funnell and J.R. (Joe) Cann (F.R.S. 1995), respectively.
A decade later he tried another idea for tying together the seismic velocity data from the
oceanic crust with rock composition. With Jenny Lort and two field assistants, he went to a
section of presumed oceanic crust pushed up on land, the Troodos ophiolite on Cyprus, and
ran a series of short seismic refraction lines across the outcropping rock. Unfortunately, this
failed to provide a definitive correlation with the well-known seismic layers 2 and 3 of the
oceanic crust. It only yielded low velocities typical of the uppermost oceanic crust, seismic
layer 2. To explain this, Lort and Matthews (8) surmised that the igneous rocks, which were
no longer under the in situ pressures of the ocean floor, exhibited seismic velocities that were
controlled more by their porosity and their alteration than by their original petrology. They
concluded that the boundary between seismic layers 2 and 3 at sea might simply represent the
depth at which cracks in the igneous rocks become effectively closed by the overburden
pressure. Many failed to heed the lesson. It was more than two decades later, and after
spending tens of millions of dollars drilling deep into the oceanic crust, that others finally
reached the same conclusion.
 on 25 February 2009rsbm.royalsocietypublishing.orgDownloaded from 
284 Biographical Memoirs
For a while, Drum shared a house in Cambridge with several other graduate students.
Visitors recall that the students were so familiar with The Penguin cookery book that they used
to be able to quote from memory the numbers of their favourite recipes. Characteristic of his
sense of humour was Drum’s (unsuccessful) attempt to get a recipe for roast penguin into the
book. After he moved into King’s College as a Fellow, his rooms were close to those of E.M.
Forster. Unostentatiously, and unknown to many, Drum befriended the ageing author and did
much to care for him.
T I O    V–M 
After obtaining his PhD, Drum launched into a hectic series of cruises exploring the
geophysics of the northwest Indian Ocean, which at that time, like all the oceans, was almost
completely uncharted and unknown territory. These were epic times. The marine group used
three basic pieces of geophysical equipment: an Askania gravimeter purchased in 1960, a
proton magnetometer built by Maurice Hill, and an echo-sounder built by Tony (later Sir
Anthony) Laughton (F.R.S. 1980). Each was thoroughly unreliable, and broke down every few
hours. In addition to keeping round-the-clock watches, the three or four scientists on board
fought a perpetual battle to repair equipment and to coax it into working. It was exhausting:
often they worked under conditions of appalling heat and humidity, and rarely had an
uninterrupted night’s sleep. On average they had to haul in the 800-metre magnetometer cable
by hand four times every day for repairs. The diary entries are a litany of broken cables,
leaking electronics, poor connectors, insufficient spares and ‘dripping sweat into the
electronics as I tried to work on it’. The expeditions during 1961–63 were aboard the naval
hydrographic ship, HMS Owen, and the contrast between the orderly and regulated
operations expected by the naval officers and the messy, fraught work of the scientists often
led to strained relationships aboard ship.
On the first trip of the HMS Owen they sailed from Devonport on 11 October 1961; it was
not until more than three months later, on 19 January 1962, that the first continuous 24 hours
of data were recorded. Drum left the ship in Bombay a few days later, but rejoined it in Aden
for the second expedition in August. By then the equipment had been shaken down and was
more reliable. They recorded a series of passage lines between Africa and India, and several
detailed box surveys. One of these, survey 4A on the Carlsberg Ridge, was to be pivotal in the
work that led to the Vine–Matthews seafloor spreading hypothesis.
The analysis of magnetic data from survey 4A was undertaken by Fred Vine, then a new
graduate student and Drum’s first of many. It was one of the first and one of the best such
detailed surveys undertaken in the deep ocean, with line spacings of only two miles, reduced
to one mile in places. Nowadays, navigation to within a few metres is trivially easy using
satellite systems; in 1962 good navigation was the key to undertaking such a detailed survey.
With great care, eight radar transponders were moored in area 4A and surveyed by using taut
wires between them: a total of fourteen star sights provided absolute locations good to about
one mile.
Fred Vine decided to calculate the magnetization of a seamount in the survey area by
using a three-dimensional computer program written originally by Dr K. Kunaratnam of
Imperial College, and then installed on the Edsac-2 computer at Cambridge. This was one of
the first stored-program computers in the world. Apart from short program development runs
during the day, he was allowed to use the computer only on one evening each week. After
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Figure 3. Explanation of lineated oceanic magnetic anomalies as due to blocks of normally
and reversely magnetized crust. (Reproduced from (3), with permission.)
several long evening sessions, and with the enthusiastic assistance of Sir Edward (Teddy)
Bullard, F.R.S., he concluded that the seamount was reversely magnetized. Attempts to
simulate magnetic profiles across both this seamount and the Mid-Atlantic Ridge suggested
that much of the oceanic crust is reversely magnetized.
Ideas of continental drift had been around since Wegener propounded them, and Fred
Vine as an undergraduate had heard Harry Hess give a talk on ‘The impermanence of the
ocean floor’ at the Inter-University Geological Congress held in Cambridge in January 1962.
Before that, in a speculative paper, Bob Dietz had coined the phrase ‘spreading of the sea
floor’ (Dietz 1961). The widespread conviction held in Cambridge that the seafloor was made
of igneous rocks, supported by Drum’s work for his PhD on oceanic basalts, made the notion
that the seafloor could be strongly magnetized quite acceptable. It was not, however, a
universally held view. At the other main marine geophysics centre, the Lamont-Doherty
Geological Observatory in the USA, Maurice Ewing (For.Mem.R.S. 1972) was convinced that
the seafloor was continental; indeed, he had told Drum so, in no uncertain terms, when they
met at the First International Congress on Oceanography held in 1959. Nevertheless, Vine
and Matthews (3) published a short paper in Nature describing a model for the formation of
magnetic anomalies in igneous rocks over oceanic ridges that fitted their observations. Their
key result was that ‘some 50 per cent of the ocean crust might be reversely magnetized’, and
therefore that ‘if spreading of the ocean floor occurs, blocks of alternately normal and
reversely magnetized material would drift away from the centre of the ridge and parallel to the
crest of it’ (figure 3).
The Vine–Matthews paper was the key to understanding and dating the seafloor. The
interpretation of the magnetic stripes as seafloor spreading was accepted more readily in
some laboratories than in others, but by late 1966 it was clear that the pattern of stripes was
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the same in all the oceans and was symmetric about the ridges, or spreading centres, that ran
down their centres (Vine 1966). Soon afterwards, Xavier Le Pichon published (Le Pichon
1968) a masterful reconstruction of the motions of the Earth’s main plates, using the concepts
of plate tectonics that sprang from the seafloor spreading hypothesis. Finally, at the end of
1968 the third cruise of the International Deep Sea Drilling Project drilled a series of holes
across the South Atlantic that confirmed that the seafloor increased in age away from the
spreading centre, just as the Vine–Matthews hypothesis said it should. Vine and Matthews
later (in 1982) shared the prestigious Balzan Prize with Dan McKenzie (F.R.S. 1976) for their
key part in the plate tectonics revolution.
This piece of work demonstrated the three attributes that kept Drum at the forefront of
marine geophysical research for the next two decades: under his leadership novel
instrumentation was developed to measure things that had not been measured before; it was
taken to new places and there used to record high quality, carefully controlled results; and
imaginative new theoretical ideas and methods were brought to bear on its interpretation.
Drum himself never really mastered computers but was more at home with simple analogues:
that indeed was part of his strength. For example, in an early study of the effect of the spread
of dyke intrusion over a finite width on the magnetic anomaly pattern generated at an oceanic
spreading centre, he first used coloured marbles rolled down an inclined plane to simulate the
process of random intrusion of differently polarized dykes. However, he ruefully noted in the
published report (5): ‘Since, unfortunately, it is hard to persuade people of the truth of this
kind of simple-minded experiment, it was necessary to repeat it on a computer.’ So he did,
both in that paper and in a subsequent refinement (7). Another example of his fondness for
simple, easily visualized, solutions was that to see correlations and patterns in magnetic
profiles, he used to construct large polystyrene cut-outs of the along-track magnetic profiles
and then erect them on huge maps on the office floor. He and his students would then crawl
around looking for correlations between the anomalies. However, Drum fully recognized the
importance of computers, and encouraged, in particular, the steps forward that led to the now
routine application of synthetic seismogram methods in interpreting seismic data recorded at
sea. Indeed, his later work with the BIRPS owed everything to intensive computer processing
of seismic images of the subsurface.
In summer 1963, Drum married Rachel McMullen. They had two children, Patrick and
Juliet. In November 1963 Drum and Rachel spent a month collecting 71 oriented samples of
basalt from dykes on islands around the Seychelles. The plan was to measure their
palaeomagnetic orientations to test whether the Seychelles had once been part of Gondwana.
Alas, this was to prove one of Drum’s few scientific endeavours that failed totally: the next
year he published a one-page paper entitled ‘Disappointing interim palaeomagnetic results
from the Seychelles’, which was concluded by wishing others who might be involved in similar
endeavours ‘better luck than we have had’ (4).
T  , 1966–80
Drum took over leadership of the Cambridge marine group in 1966 after the death of
Maurice Hill in circumstances not dissimilar to the death of his own father. Morale, not
surprisingly, was low. But Drum led the group forward and, in the first five years of his
leadership from 1967 to 1972, members of the marine group participated in 33 seagoing
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expeditions. The pace of exploration over the next decade scarcely slackened: during 1972–82
the marine group ran another 39 expeditions at sea. Although Drum himself was not a
prolific author, he encouraged his students to publish (often without himself as a co-author),
saying that until research was published in the public domain it was not fully complete. Over
the fifteen-year period that he ran the marine group, over 200 papers were published on the
results. The group was typically 15–20 strong, comprising in roughly equal parts technicians,
graduate students and predoctoral and postdoctoral research assistants.
These were heady times. Many of the cruises were to virgin territory; in those times, before
the huge land-grabs by coastal nations of ‘exclusive economic zones’ extending 200 miles
offshore, you could sail almost anywhere. Drum took full advantage of that, always choosing
tractable problems in the most favourable locations. He broke new ground by encouraging
innovative data processing and interpretation techniques, while keeping his feet firmly
grounded in acquiring the best observational data possible. Often this meant developing new
underwater instrumentation, which the group at Madingley Rise continued to do.
Instruments for seismic refraction at sea were a mainstay of the work: Drum led the
development of successive generations of floating sonobuoys, analogue and then digital
ocean-bottom hydrophones, the addition of three-component seismometers and both moored
and remotely released seafloor recording packages. For example, the first pop-up bottom
seismometer was developed by his student Bob Whitmarsh in 1966. Drum also fostered the
design and construction of new heat-flow probes and of a downhole seismometer for use in
deep ocean boreholes. The group was involved in the development of airgun profiling systems
led by E.J.W. (John) Jones, although the commercial usefulness of this meant that airgun
development was rapidly taken over by industry for oil exploration, and now airguns are
bought ‘off the shelf ’. Nevertheless, with the Cambridge system, seismic penetration of more
than 2 km was achieved in the mid-1960s, which was a significant step forward at the time.
The marine group tackled a wide range of geological questions. Drum continued
investigating the structure of oceanic crust, primarily through seismic techniques. This
included the first application of synthetic seismograms, by his student Mary Fowler, to model
the velocity structure of oceanic crust (9): this showed that the velocity increases downwards
in a series of gradients, rather than in the simplistic uniform velocity layers with which seismic
data had hitherto been widely interpreted. Again, this demonstrated that the velocities of the
rocks owed as much to the pressures and temperatures in situ as to their composition, a
salutary lesson in interpreting geology from geophysical measurements. With his student
Ralph Stephen, he undertook the first oblique seismic experiment in a deep ocean drill-hole,
which provided seismic data at a sufficiently high resolution that it became possible to begin
to match the macroscopic seismic results with the lithology and structure of the rock samples
collected from the borehole. Among other results, this showed that the preferred orientation
of cracks and fissures on the seafloor causes a measurable seismic anisotropy (10).
Drum also led the group into studying plate boundaries, including the Azores–Gibraltar
plate boundary, the Western Approaches continental margin and the hitherto unknown
Makran subduction zone in the northwest Indian Ocean. Work on the latter two was
continued successfully at Cambridge through the next two decades. Part of the objectives of
the Azores–Gibraltar study was to investigate the Gorringe Bank area, site of a large gravity
anomaly and of a putative ophiolite in the process of emplacement. Purdy (1975) was indeed
able to show, by using seismic and gravity data, that at Gorringe Bank a piece of the ocean
floor was being thrust up in a compressional part of the plate boundary.
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The marine group expended a lot of effort and four PhD theses working in the eastern
Mediterranean and the Aegean during the early 1970s. Drum’s reason for going there was to
find an active compressional arc, and the Hellenic Trench was the nearest one to Britain. It
was also, as he said, the nearest place where active tectonics was occurring in continental crust
that you could get to ‘without putting wheels on the ship’. He hoped to search there for the
causes of contemporary mountain building. However, overall this work was much less
successful than Drum had hoped, primarily because the thick continental crust and frequent
presence of salt prevented deep penetration with the seismic reflection and refraction
instruments then available. However, the results were published in a series of papers, maps
and reports and these have formed a backdrop against which the tectonics of this complex
area of microplates has gradually been unravelled and understood. Much of the
understanding of the tectonically active Aegean came eventually from earthquake seismology,
an area into which Drum never ventured, and from the use of multichannel digital seismic
methods that allowed the digital enhancement of weak signals.
Many of the marine group’s cruises were to the nearby areas of the Bay of Biscay, to the
western approaches to the English Channel and to the Rockall area, west of Ireland. Some of
these were primarily cruises to test new instrumentation. However, much science was also
done in investigating, primarily, the crustal structure of these areas. This included demonstrat-
ing that Rockall Bank was underlain by continental crust. One notably prescient experiment
was a two-ship expanding-spread seismic profile, shot in the Bay of Biscay in 1970 in collabo-
ration with French workers (Limond et al. 1972). For the first time, reflections off the mantle
at the base of the crust were recorded at normal incidence. This was achieved by sailing two
ships in opposite directions away from a common mid-point, one of them, the receiving ship,
towing a hydrophone streamer 2400 m long and the other, the shooting ship, firing electrically
detonated explosive charges every 2½ minutes. This produced a high-quality refraction line,
with threefold multiple coverage, which improved the signal-to-noise ratio. However, firing
explosives as frequently as that is a potentially hair-raising experience. A decade later, Drum
started profiling the Moho routinely at normal incidence, with the BIRPS group, but this time
using much safer commercial airgun arrays as sources, and hydrophone streamers up to
6000 m long as receivers, both towed from a single ship.
One of the last major campaigns led by Drum while still in the marine group was a study
of the structure beneath the North Sea sedimentary basin. Although already a major
oil-producing province and arguably geologically the best-known continental sedimentary
basin in the world, owing to the high level of oil exploration activity, there was still no
understanding of why this, or most other sedimentary basins, should form. In 1971, Norm
Sleep had published a paper showing that the time-scale for subsidence in sedimentary basins
and on continental margins was of the order of 50 million years, the same as the time-scale
for the subsidence of oceanic basins (Sleep 1971). This pointed to the subsidence’s being
thermally controlled by cooling of the lithosphere, although exactly how this could work was
unknown at the time because the basement of the North Sea comprises continental, not
oceanic, crust. So Drum decided to shoot a long seismic refraction profile down the North
Sea basin, parallel to the existing Lithospheric Seismic Profile of Britain (LISPB) that
traversed Britain from north to south, to discover whether he could see what was different
about the lithospheric mantle under the North Sea compared with the mantle beneath
adjacent Britain. Events were to prove that it was the crustal thinning that was crucial, and
that the seismic velocity structure of the lithospheric mantle was of little account. But the
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determination with which Drum saw through this experiment meant that it was shot in the
right place, and at the right time to show conclusively that crustal thinning occurred beneath
the North Sea. It was therefore able to make use of, and to demonstrate the applicability to
the North Sea basin of, the lithospheric stretching model for the formation of sedimentary
basins very shortly after it had been postulated in a theoretical paper (McKenzie 1978).
The entire project took eight years, nine cruises and three PhDs to come to fruition. Drum
realized that in the North Sea, which, like the eastern Mediterranean, had thick crust, thick
sediments and frequent salt, it would be necessary to shoot large explosive charges of 1 tonne
or more to achieve sufficient signal penetration so as to record seismic energy that had
penetrated to the mantle. It is not feasible to fire more than a handful of such charges, so he
had to reverse the normal seismic refraction procedure in oceanic crust of deploying a limited
number of receivers and firing many small shots: the North Sea required a large number of
receivers in addition to large shots.
He therefore had first to arrange to build a large number of three-component seafloor
seismometers; these were held to the seafloor by large weights to allow them to survive the
strong currents, and were called PUSSes, for Pull-Up Shallow-water Seismometers (Smith &
Christie 1977). Before marine instruments were built, the recording package was tested by
building a set of land seismic recorders. Several cruises were made to test both the PUSSes
and the method of electrically firing a large explosive charge, which required the charge to be
dispersed so as to make a good seismic signal in shallow water.
When the first major north–south refraction line was shot, Drum was let down by the
withdrawal of a German group that was to have recorded in the southern North Sea the far
range shots. He thought that the experiment had failed because it did not have the long-range
records that would have recorded seismic waves that had penetrated deep into the lithospheric
mantle. However, as it happened, the profile crossed perpendicularly the Witchground
Graben, part of a westward branch of rifts off the main Central North Sea Graben: this
graben was not well known at the time, but it turned out to show just the pattern of crustal
thinning and subsidence that had been predicted by Dan McKenzie to occur beneath
sedimentary basins (McKenzie 1978; Christie 1982). The confluence of new theory and new
observation was both timely and remarkable. Drum then changed tack; instead of re-shooting
and extending the range of the long north–south profile as originally planned, he shot
another profile perpendicularly across the main rift structure that runs down the centre of the
North Sea. This, too, showed just the expected pattern of crustal thinning (Barton & Wood
1984).
The lithospheric stretching model for sedimentary basin formation is now widely used
globally; the North Sea study initiated by Drum not only contributed markedly to the rapid
acceptance of the lithospheric stretching model but also remains one of the best-documented
demonstrations of crustal thinning beneath a rifted sedimentary basin.
BIRPS
By the late 1970s Drum sensed that it was time to start something new because, as he put it,
he began to bore his younger friends by saying gloomily when they came with bright
suggestions that ‘We tried that 20 years ago and it didn’t work’. So he turned his attention to
the continental rather than the oceanic crust.
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Jack Oliver, at Cornell University, had shown through his continental profiling
consortium, COCORP, that with appropriate care, and by running the recorders for a longer
time, you could use the conventional seismic reflection techniques developed by oil companies
to look much deeper than they did, to the base of the crust and beyond. After spending two
months at Cornell in 1979, Drum, together with Derek Blundell, persuaded the Royal Society
Working Group on Explosion Seismology to back a similar project in Britain, and the
Natural Environment Research Council (NERC) to fund it. Thus was born the BIRPS:
originally the second word was to have been ‘Universities’, but despite the attractiveness of
BURPS as an acronym for a technique that involved expelling regular bursts of compressed
air to create a seismic signal, it excluded the NERC institutes and so had to be amended.
Drum proceeded to lead the BIRPS group for the rest of his career. Rather than allowing
this change of research direction to close down the Cambridge marine group, he chose instead
to hand it on, to resign his university Readership and to put himself on temporary research
money, along with the four others of his new BIRPS research group.
Originally, Drum and Derek Blundell proposed to profile on land, as COCORP had in
North America. The strength of the reflection profiling technique is that it provides an image
of reflectors in the subsurface; the weakness is that it is hard to infer the geological origin of
those reflectors. By working on land across the Moine Thrust in northern Scotland, they had
hoped to be able to trace deep reflectors to their outcrop at the surface and thus to tie them
directly to geology. However, the industrial members on the BIRPS Advisory Committee were
adamant that not only was working on land extremely expensive, about twenty times the cost
of marine work, but in general the quality of the data was poorer than that at sea. So Drum
went back to working at sea, but this time using chartered state-of-the-art seismic vessels
designed for oil industry exploration, and profiling over the submerged continental crust
around Britain. The first profile, 200 km long, was shot north of Scotland and given the
acronym MOIST (for Moine and Outer Isles Seismic Traverse). It proved to be spectacularly
successful, imaging not only considerable mid-crustal structure but also strong reflections
from the Moho at the base of the crust, and a deep inclined reflector, the Flannan Fault,
which cut right through the Moho and into the mantle (11). At a stroke its quality exceeded
anything seen hitherto. The success of this first profile gave a significant impetus to the
subsequent development and funding of the BIRPS. Another of the early fruits of the BIRPS
work was in profiling the base of the crust across the North Sea, confirming that crustal
thinning was ubiquitous under the central rift. It neatly tied together Drum’s latter work with
the marine group and his new venture with the BIRPS.
Under Drum’s leadership, the BIRPS set new standards for deep crustal imaging, routinely
recording complex and hitherto unknown structure in the lower crust and upper mantle. One
remarkable profile, with the acronym DRUM (Deep Reflections from the Upper Mantle),
shot northwest of Scotland, showed dipping reflectors penetrating 50 km below the surface,
deep into the mantle section (figure 4). An engraving of that profile is now mounted near the
entrance to the building in Cambridge (now named the Drum Building) where latterly his
research group worked. It typifies the main results of the BIRPS profiling around Britain,
summarized in the cartoon that Drum drew (figure 5).
Before the BIRPS work, the deepest reflection profiles mostly penetrated only as deep as
the mid-crust, and that was generally unreflective. In addition, if no signal was returned, you
could say little about anything. The BIRPS showed with their deeper penetrating profiles that
there was a wealth of structure below the unreflective middle crust. The lower crust was
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Figure 4. Line drawing of DRUM seismic profile, reproduced on a brass plaque at the
entrance to the Drum Building, Bullard Laboratories.
Figure 5. Cartoon of a typical BIRP. (Reproduced from (13), with permission.)
highly reflective, the crust–mantle boundary was usually marked by a distinctive change in
reflection character, and deep faulted structures underlying surface sedimentary basins were
visible in the upper crust (figure 5). The geological origin of the deep reflectors remains a
topic of debate, because it is at present impossible to drill as deep as that into the crust;
nevertheless, the structural details revealed by the BIRPS seismic profiles exert a strong
control on models of the tectonic development of the continental crust.
In keeping with Drum’s philosophy of the open and wide dissemination of scientific data,
the collected BIRPS profiles covering most of his time as director were published in a
compendium (Klemperer & Hobbs 1991), with the original digital data archived and readily
available to anyone who wanted it. In the first decade of work, the core BIRPS group in
Cambridge published nearly 120 papers on the results. A measure of the wide esteem in which
the BIRPS data are held is that, over the same period, others outside the group published as
many papers again on the BIRPS data.
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R
After a warning heart attack the previous year, Drum took early retirement on health grounds
in March 1990. A side effect of a lifetime of diabetes and its treatment was that his eyesight
was failing, and he felt that he could no longer see sufficiently well to do science; since much
of the information contained in seismic reflection profiles is in the image itself, this was an
understandable assessment. I think that he also found the increasing pressure to raise money
from commercial sources, coupled with the ever-decreasing public funding for science and the
burgeoning bureaucracy in its management, a drain on his morale and enjoyment of science,
and at odds with his lifelong commitment to doing open, published science with a group of
people whom he regarded more as friends than as employees or students.
As early as 1986 he had foreshadowed these developments when he said in his response to
the Woollard Award that ‘politicians more and more regard science as an adjunct of
technology and demand short-term economic gains. If this goes on, science, inquisitive,
international and published, will not be the cornerstone of the twenty-first century as it has
been of the twentieth’ (12).
Drum’s marriage to Rachel was dissolved in 1980. In 1990 he retired with his second wife
Sandie, whom he had married in 1987, to his childhood village of Porlock, where he was
again near the wide open moors and the sea that he loved. Over his remaining years he gently
encouraged his many friends and former students and supported Sandie in her work. He
continued his lifelong enjoyment of sailing, first on his yacht and later, more genteelly, around
the rural waterways of England on a small canal boat.
Throughout his retirement, Drum’s health continued to decline. He underwent a second
heart bypass operation, and had laser retinopathy in an attempt to save his worsening
eyesight. All this he bore with immense courage and good humour, which made a deep
impression on those who knew him. Part of his reason for retiring early was also, he said, to
discover more about God and to develop his spiritual life. He contributed to the life at
Porlock Parish Church through his singing in the choir and through the prayers of
intercession that he wrote and read there. He died in 1997 in Taunton from a final heart
attack and is now buried in a quiet valley behind the church.
P
An endearing habit for which his friends will remember him was the way in which Drum
would mutter worraworraworraworraworra when he was unsure what to do next, taking his cue
from Tigger in A.A. Milne’s books about the bear Winnie the Pooh. Indeed, Drum often
called himself, only partly in jest, a ‘bear of little brain’, just like Winnie the Pooh. His
lifelong fascination with Winnie the Pooh started in his youth, for in his Antarctic diaries he
was to write that ‘the only books I have ever read with full attention and retention areWinnie
the Pooh and Collingwood’s Essay on Metaphysics, and both of these I had to read several
times, countless times in the case of W. the Pooh’. I remember him using, in an undergraduate
lecture, the story of Poohsticks floating down the river as an illustration of how the seismic
velocities of different parts of the crust can be derived by measuring the travel time of seismic
waves. His daughter Juliet chose to read out the passage describing Poohsticks at his
Memorial Service in Cambridge.
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Another of Drum’s habits was the way in which he often exaggerated outrageously to
make a point, particularly when money or deadlines were involved. It became standard
practice among his students to apply a ‘Drum factor’ to all such pronouncements.
But his friends will remember his sense of fun, the touch of the eternal schoolboy about
him, his generosity and the engaging smile that would spread slowly across his face. He was a
gentle man, unfailingly courteous, and always supportive of, and encouraging to those around
him: a gentleman in the true sense of the word.
A
I am grateful for the assistance I have received from many family members, friends and colleagues of Drum. I
am especially grateful to those, including Sandy Hall, Brian Mattinson, Tony Laughton, Bosko Loncarevic,
Lance Tickell and Fred Vine, who helped me with reminiscences from the period before 1973, when I first met
Drum.
The frontispiece photograph shows Drum Matthews at Raynor Point, Coronation Island, in the Antarctic,
and was taken by R.L. Sherman in December 1956.
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